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ABSTRACT 
 
 
 
 
 Corn (Zea mays) is fruit that have high concentration of Alpha-tocopherol 
(Vitamin E) in their composition. Alpha-tocopheol is an antioxidant that was used in 
industries especially pharmaceutical product as a stabilizer, plastic industries, technical 
oil, and greases. Before extract the Alpha-tocopherol, the corn juice must be blend by 
using blender to liquefy it. The corn must be manually cut from cob and blend it using 
blender then the juice was being filter. A High-performance liquid chromatographic 
(HPLC) method was used to determine the Alpha-tocopherol level in corn. The mixture 
of acetonitrile/methanol/dicloromethane (60:38:2, v/v) was used as mobile phase at a 
flow rate of 0.2 mL min 1 at temperature 300C. alpha-tocopherol must be determine 
between 2-5 minute peak. For the result, the peaks for standard are between 2-3 minute. 
As a result, the peak did not get because of there are some problem at the column. This 
research finally did not obtain the objective of the research.  
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ABSTRAK 
 
 
 
 
 Jagung (Zea mays) ialah buah-buahan yg mengandungi alpha-tocopherol yg 
tinggi di dalam setiap kompisisnya. Alpha-tocopherol (vitamin E) ialah antioxidant  yang 
telah banayak diaplikasikan di dalam industri seperti plastic, farmasi dan minyak. 
Sebelum mengekstrak alpha-tocopherol, beberapa langkah perlu di jalankan. Jagung 
hendaklah dikisar terlebih dahulu untuk menjadikannya cecair. Jagung tersebut mestilah 
terlebih dahulu dipisahkan dari tongkolnya kemuadi kisar dituruti dengan menapis 
sample tersebut. Kemuadia sampel tersebut dicampurkan dengan campuran 80% 
methanol dan 20% air dengan nisbah (1:2), (1:1) dan (1:4) dan di ekstrak dengan tiga 
mase yang berbeza iaitu 5,15 dan 25 minit. Bagi menganalisa keputusan, kaedah 
menggunakan HPLC di jalankan keatas sampel. acetonitrile/methanol/dicloromethane 
(60:38:2, v/v) akan digunakan sebagai fasa bergerak bagi Alpha-tocopherol.dengan 
halaju 0.2mLmin-1pada suhu 30oC. Alpa-tocofherol sepatutnya di kesan pada masa minit 
ke 4-5. tetapi didalam graft analisa lengkuk terdapat pada minit 2-3. Sebagai keputusan 
graf tersebut tidak menepati keputusan yang terdapat pada kajian lepas kerana terdapat 
masalah berkaitan dengan “column” pada HPLC. Kajian ini tidak dappat menepati 
okjektif kajian ini.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.2 Introduction 
 
 
 Zea mays are scientific name for corn is including in Poaceae. It is growing to 
2m at a fast rate. Corn is cash crops plant. The flowers are monoecious (individual 
flowers are either male or female, but both sexes can be found on the same plant) and 
are pollinated by Wind. The plant prefers light (sandy), medium (loamy) and heavy 
(clay) soils and requires well-drained soil. The plant prefers acid and neutral soils. It 
cannot grow in the shade. It requires moist soil. 
 
 
 The seed is diuretic and a mild stimulant. It is a good emollient poultice for 
ulcers, swellings and rheumatic pains, and is widely used in the treatment of cancer, 
tumours and warts. It contains the cell-proliferant and wound-healing substance 
allantoin, which is widely used in herbal medicine (especially from the herb comfrey, 
Symphytum officinale). It also content antioxidant in it which is Vitamin E. Antioxidant 
is a substance that capable of protecting other substance from oxidation. Some of 
antioxidant is made by the body to inhibit the destructive actions of chemicals called 
free radicals. Some of them cannot make by body such as vitamins C and E. vitamin E ( 
tocopherol ) is protective because it help reduce oxidation of lipid  membrane and 
unsaturated fatty acid and prevents the breakdown of other nutrients by oxygen. For 
main function is to modify and stabilize blood fats so that the blood vessels, heart, and 
entire body are more protected from free-radical-induced injury. 
 2
 
 
 Extraction is one of chemical separation process. Many biological and inorganic 
substances occur in a mixture of different component in a solid. In order to separate the 
desires solute and remove undesirable solute, extraction process can be used. The 
process is called leaching. 
 
 
 
 
1.2 Problem statement 
 
 
 Nowadays, Malaysian people are more concern to healthy and beauty care. Many 
skin care and supplement based on Vitamin E (tocopherol). It is used in cosmetics and 
skin product to prevent cell damage by UV light. It also used in pharmaceutical product 
as a stabilizer. In plastic industries, technical oil and greases contain α-tocopherol used 
as an antioxidant. The reason I want to do this project because we can get another 
alternative beside palm oil to get tocopherol for industries use with lower cost and less 
time need.  
 
 
 
 
1.3 Objective 
 
 
 The objective of the research is to extract alpha-tocopherol from corn. 
 
 
 
 
1.4 Scope 
 
 
 The scope of this study is: 
 
 
I. To determine the optimum amount of solvent. 
II. To determine the optimum of extraction time. 
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITEATURE REVIEW 
 
 
 
 
2.1 Corn 
 
 
 Corn (Zea mays) is the most comment fruit that we can find easily in Malaysia. It 
is a cash crops plant where it will plant in turn with other plant like potato to stabilize 
the pH of soil. It is growing to 2m at a fast rate. The flowers are monoecious (individual 
flowers are either male or female, but both sexes can be found on the same plant) and 
are pollinated by Wind. The example of corn is shown in Figure 2.1 and the 
Agroclimatic requirements of corn is shown in Table 2.1 
 
 
 
Figure 2.1: Corn 
 
Table 2.1: Agroclimatic requirements of corn 
Temperature 30°C - 35°C 
Rainfall 500 - 700 mm/year 
Soil type Deep, friable texture with good water holding capacity and drainage.
Soil pH 5.0 - 6.5 
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2.2 Antioxidant 
 
 
2.2.1 Antioxidant 
 
 
 Antioxidants are substance that can delay the onset or slow the rate of oxidation 
of autoxidizable material. Taking antioxidants combats excessive free radical 
damage. Molecules become free radicals when the oxygen atom loses an electron and 
starts to "attack" surrounding molecules, seeking a replacement electron. A chain 
reaction of cell damage results until an antioxidant halts the process by providing a spare 
electron. (Steven Shackel, JP) 
 
 
 
 
2.2.2 Free Radicals 
 
 
 In chemistry, Radicals (often referred to as free radicals) are atomic or molecular 
species with unpaired electrons on an otherwise open shell configuration. These 
unpaired electrons are usually highly reactive, so radicals are likely to take part in 
chemical reactions. Radicals play an important role in combustion, atmospheric 
chemistry, polymerization, plasma chemistry, biochemistry, and many other chemical 
processes, including human physiology. For example, superoxide and nitric oxide 
regulate many biological process, such as controlling vascular tone. "Radical" and "Free 
Radical" are frequently used interchangeably, however a radical may be trapped within a 
solvent cage or be otherwise bound. Historically, "Radical" was used to refer to a 
collection of atoms that remain unchanged over the course of a reaction, however this 
usage is, today, uncommon. The first organic free radical (the triphenylmethyl radical) 
was identified by Moses Gomberg in 1900. 
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 In chemistry free radicals take part in radical addition and radical substitution as 
reactive intermediates. Reactions involving free radicals are usually divided into three 
categories; initiation, propagation, and termination. 
 
 
• Initiation reactions are those which result in a net increase in the number of free 
radicals. They may involve the formation of free radicals from stable species as 
in Reaction 1 above or they may involve reactions of free radicals with stable 
species to form more free radicals.  
• Propagation reactions are those reactions involving free radicals in which the 
total number of free radicals remains the same.  
• Termination reactions are those reactions resulting in a net decrease in the 
number of free radicals. Typically two free radicals combine to form a more 
stable species, for example: 2Cl·→ Cl2  
 
 
 The formation of radicals requires covalent bonds to be broken homolytically, a 
process that requires significant amounts of energy. For example, splitting H2 into 2H· 
has a ΔH° of +435 kJ/mol, and Cl2 into 2Cl· has a ΔH° of +243 kJ/mol. This is known as 
the homolytic bond dissociation energy, and is usually abbreviated as the symbol DH°. 
The bond energy between two covalently bonded atoms is affected by the structure of 
the molecule as a whole, not just the identity of the two atoms, and radicals requiring 
more energy to form are less stable than those requiring less energy. Homolytic bond 
cleavage most often happens between two atoms of similar electronegativity. In organic 
chemistry this is often the O-O bond in peroxide species or O-N bonds. The radical 
derived from Alpha-tocopherol is shown in Figure 2.2. 
 
 
 
Figure 2.2: The radical derived from α-tocopherol 
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Long lived radicals can be placed into two categories 
 
 
• Stable Radicals  
 
Radicals can be long lived if they occur in a conjugated π system, such as the 
radical derived from α-tocopherol (vitamin E)  
 
• Persistent Radicals  
 
Persistent radical compounds are those whose longevity is due to steric crowding 
around the radical center and makes it physically difficult for the radical to react 
with another molecule. Examples of these include Gomberg's radical 
(triphenylmethyl), Fremy's salt (Potassium nitrosodisulfonate, (KSO3)2NO·)and 
nitroxides, (general formula R2NO·) such as TEMPO. The longest-lived free 
radical is melanin, which may persist for millions of years.  
 
 
 
 
2.3 vitamin E (tocopherol) 
 
 
 Vitamin E was discovered in 1922 when Evans HM et al. (Science 1922, 56, 
650) described a "substance X" that was essential to maintain rat fertility. After 
obtaining similar results, Sure B called the substance "vitamin E" because vitamins A, 
B, C, and D were already known (Sure B, J Biol Chem 1924, 58, 693). Alphatocopherol 
is the most common and the most active of the seven currently described forms—alpha, 
beta, gamma, delta, epsilon, and zeta. Specifically, d-alpha tocopherol is the most potent 
form, more active than the synthetic dl-alpha tocopherol.  
 
 
 Alpha-tocopherol is basically stable in heat and in acids, other forms are lost in 
heat, with storage or freezing, or when oxidized by exposure to the air. All vitamin E's 
are slightly unstable in alkali and are readily used up when in contact with 
polyunsaturated oils or rancid fats and oils, which are protected from oxidative 
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destruction by vitamin E. Frying oils, the processing and milling of foods, the bleaching 
of flours, and cooking remove much of the vitamin E content of whole foods. During the 
refinement and purification of vegetable oils, vitamin E is lost; the vitamin E-rich by-
products of this process are used to make some of the E used in supplements.  
(Elson M. Haas M.D) 
 
 
 
Figure 2.3: Chemical structure of α-tocopherol. 
 
 
Table 2.2: Natural tocopherol homologues 
Homologues  R1  R2  R3  
Alpha- TOCOPHEROL  CH3  CH3  CH3  
Beta- TOCOPHEROL  CH3  H  CH3  
Gamma- TOCOPHEROL  H  CH3  CH3  
Delta- TOCOPHEROL  H  H  CH3  
(Source: rike-vita.co.jp) 
 
 
 Natural TOCOPHEROL exists as a mixture of 4 homologues, Alpha, Beta, 
Gamma, and Delta is shown in Table 2.2. Available as a mixed product known as 
MIXED TOCOPHEROL - which is also known as vitamin E. Riken Vitamin Co., Ltd. 
supplies TOCOPHEROL products and specialties according to requirements by 
separating or combining the homologues using unique technology. TOCOPHEROLS are 
transparent, viscous, oily liquids with slightly characteristic odor, and have colors 
ranging between light yellow to reddish brown. They are insoluble in water but soluble 
in organic solvents such as ethanol, chloroform, and hexane. The color changes 
gradually into dark brown after contact with air or light though it dose not alter the 
antioxidant activity. 
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2.3.1 Uses of tocopherol 
 
 
 Alpha-Tocopherol has strong vitamin E activity, while Beta, Gamma, and Delta-
Tocopherol have strong antioxidant activity outside the body (in foodstuffs etc.). 
Therefore, Tocopherol preparations which have a high Alpha-Tocopherol content are 
suitable for health foods and vitamin E enrichment. 
 
 
 There is quite an extensive list of uses for this popular nutrient, most commonly 
in the middle-aged and older populations. And there are many positive effects. Some of 
these claims are backed by good research, and more investigation is being done on 
vitamin E by medical and nutritional scientists. There is hope that the results of this 
research will enable us to better understand its mechanisms and apply those most 
effectively to prevent and treat our industrial-age medical conditions.  
 
 
 The antioxidant function that we have discussed gives vitamin E a variety of 
uses. The protection of cells and tissues against oxidation and injury from unstable 
molecules, pollution, and fats may also be the basis for the prevention of aging and 
many chronic diseases. Claims about vitamin E’s role in preventing premature aging and 
promoting longevity are big areas of investigation for vitamin E researchers. These 
claims are often made and with some good reason. Aging, tissue degeneration, and skin 
changes may be brought about by the damage that free radicals cause to cells 
unprotected by antioxidant nutrients in the body.  
 
 
 Cancer and heart and vascular disease may also be created in this way, and 
vitamin E therapy may help reduce the risks of these major illnesses. Decreased blood 
clotting and increased tissue oxygenation may also help reduce symptoms of heart and 
vascular limitations, such as angina pectoris, intermittent claudication (leg pain with 
walking due to insufficiency of blood and oxygen, for which vitamin E has clearly been 
helpful), and problems of arterial spasm. In both congenital and rheumatic heart 
diseases, vitamin E may help reduce symptoms caused by impaired tissue oxygenation.  
  
 9
 
 
 Vitamin E may be of help in the prevention of atherosclerosis. Its antioxidant 
effect reduces thrombin formation and thus helps decrease blood clotting, and it also 
appears to minimize platelet (blood-clotting component) aggregation and stickiness, 
aspects that either generate or perpetuate the atherosclerotic process. Vitamin E was 
thought to raise HDL ("good") cholesterol levels, especially when they were low; 
however, recent research suggests it has a very mild, if any, effect in this regard. 
Vitamin A and E together can help to decrease cholesterol and general fat accumulation. 
To assist in healing and to minimize clotting, tocopherol is a useful nutrient before and 
after surgery, but is limited to dosages of 200–300 IUs per day (higher amounts may 
actually suppress the healing process).  
 
 
 Also, pre- and postsurgery, vitamin E neutralizes free radical formation and thus 
reduces possible problems from that. Recently, this antioxidant effect of vitamin E was 
shown in cardiopulmonary bypass surgery. In regard to its healing powers, vitamin E is 
used most commonly both internally and externally to assist in the repair of skin lesions, 
ulcers, burns, abrasions, and dry skin and to heal and/or diminish the scars caused from 
injury or surgery. (Vitamin A also appears to work in this regard, possibly even better 
than E in some instances where skin and tissue healing are needed.) Decreasing scars 
internally may be important in resolving damage from inflammation of blood vessels 
and may reduce the potential for clotting and thrombophlebitis. Vitamin E, with the help 
of vitamins C and P (bioflavonoids), may be useful in preventing progression of varicose 
veins, more so than treating them once they have occurred.  
 
 
 Vitamin E may be very helpful to women. Research shows relief from menstrual 
pains, as well as general relief from various menstrual disorders. Many problems of 
menopause, such as headaches, hot flashes, or vaginal itching due to dryness, may be 
reduced with the use of supplemental vitamin E. When birth control pills are used, the 
tocopherols may help protect the body from their possible side effects. Estrogen may 
decrease the effect of vitamin E, so more is needed when estrogen therapy is used. 
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Vitamin E has been used both topically and orally with some success in the treatment of 
fibrocystic breast disease, or cystic mastitis, likely due to its protective mechanisms 
against estrogen, which seems to potentiate this disease.  
 
 
 Vitamin E’s antioxidant functions help to protect our cell membranes and lung 
tissue from pollution, particularly from ozone (O3) and nitrogen dioxide (NO2) in the air. 
Research in rats clearly showed their ability to tolerate increased ozone levels and to 
survive much longer with vitamin E. There is also some cardiac protection from smoke 
and alcohol with vitamin E, and it protects against the cardio-toxic effects of adriamycin, 
an anticancer drug.  
 
 
 Vitamin E has also been used to enhance immunity in the treatment of viral 
illness and to reduce the neurologic pain from shingles, a viral infection of the nerves 
and skin. It is also helpful in preventing eye problems, such as poor vision or cataracts, 
that may be due to oxidation of fatty tissues and free radical formation leading to areas 
of inflammatory damage. Headaches may sometimes be helped with tocopherol 
treatment, depending on the cause. Various kidney and liver diseases and muscular 
dystrophy have all been treated with vitamin E, though more immediate inflammatory 
problems, as in bursitis, gout, and arthritis seem to benefit more. Leg cramps and 
circulatory problems associated with diabetes may be helped with vitamin E treatment. 
For various skin rashes, including those of lupus erythematosus, vitamin E, usually 
along with vitamin A, may be of some help. (Elson M. Haas M.D) 
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2.4 Extraction of Antioxidant  
 
 
2.4.1 Definition of  Extraction  
 
 
 Many biological and inorganic substances occur in a mixture of different 
component in a solid. In order to separate the desires solute and remove undesirable 
solute, extraction is one type of separation process. The process is also called leaching. 
 
 
 Liquid-liquid extraction is based on the transfer of a solute from one liquid phase 
into another liquid phase. Extraction becomes a very useful tool if you choose a suitable 
extraction solvent. You can use extraction to separate a substance selectively from a 
mixture, or to remove unwanted impurities from a solution. 
 
 
 In the practical use, usually one phase is a water or water-based (aqueous) 
solution and the other an organic solvent (i.e. vegoil) which is immiscible with water. 
Solvent extraction is used in nuclear reprocessing, ore processing, the production of fine 
organic compounds, the processing of perfumes and other industries. It is interesting to 
note that liquid-liquid extraction is possible in non aqueous systems, for instance in a 
system consisting of a molten metal in contact with molten salt, metals can be extracted 
from one phase to the other. This is related to a mercury electrode where a metal can be 
reduced, the metal will often then dissolve in the mercury to form an amalgam which 
modifies the electrochemistry greatly. For example it is possible for sodium cations to be 
reduced at a mercury cathode to form sodium amalgam, while at an inert electrode (such 
as platinium the sodium cations will not be reduced, instead water is reduced to 
hydrogen). 
 
 
2.4.2 Solvent extraction 
 
 
 A solvent is a liquid that dissolves a solid, liquid, or gaseous solute, resulting in a 
solution. The most common solvent in everyday life is water. The term organic solvent 
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refers to most other solvents that are organic compounds and contain carbon atoms. 
Solvents usually have a low boiling point and evaporate easily or can be removed by 
distillation, thereby leaving the dissolved substance behind. Solvents should therefore 
not react chemically with the dissolved compounds, they have to be inert. Solvents can 
also be used to extract soluble compounds from a mixture, the most common example is 
the brewing of coffee or tea with hot water. Solvents are usually clear and colorless 
liquids and most of them have a characteristic odor. The concentration of a solution is 
the amount of compound that is dissolved in a certain volume of solvent. The solubility 
is the maximal amount of compound that is soluble in a certain volume of solvent at a 
specified temperature. 
 
 
 The solvents are grouped into non-polar, polar aprotic, and polar protic solvents 
and ordered by increasing polarity. The polarity is given as the dielectric constant. The 
density of nonpolar solvents that are heavier than water is bolded. The boiling point, 
polarity and density of solvent is shown in table 2.3. 
 
 
Table 2.3: Solvent chemical Formula,boiling point, polarity and density. 
Solvent Chemical Formula Boiling point Polarity Density
Non-Polar Solvents 
Hexane CH3-CH2-CH2-CH2-CH2-CH3
69 °C 2.0 0.655 g/ml 
Benzene C6H6 80 °C 2.3 
0.879 
g/ml 
Toluene C6H5-CH3 111 °C 2.4 
0.867 
g/ml 
Diethyl ether CH3CH2-O-CH2-CH3 35 °C 4.3 
0.713 
g/ml 
Chloroform CHCl3 61 °C 4.8 
1.498 
g/ml 
Ethyl acetate CH3-C(=O)-O-CH2-CH3 77 °C 6.0 
0.894 
g/ml 
  
